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The sluggish productivity growth experienced by most OECD countries hides a growing gap between firms at the frontier, which have been displaying steady growth, and the rest, whose productivity has been stagnating (Andrews, et al., 2016) . This increasing gap is a sign that the diffusion mechanism has weakened. Many reasons could explain this phenomenon, including the increasing complexity of the innovative process, which prevents most firms from innovating; institutional regidities that hinder the re-allocationion of resources from less to more productive uses; and the lack of reources or opportunities to acquire new technoloiges and innovative production processes.
2.
The differential tax treatment of firms can slow catching-up and hinder technology diffusion. The tax burden reduces the net return of investments and the amount of cash available to firms, thus affecting the incentive and capacity to invest in and adopt new technologies that may reduce the gap with the frontier. Most important for technology diffusion is the heterogeneous effect of tax policies on firms. For instance, each firm's tax liability varies with characteristics such as the industrial sector, the firm's age, or the capital to worker ratio. It may also depend on the level of productivity. Firms at the productivity frontier may rely on superior management practices that better cope with fiscal obligations; they may have more possibilities to avoid taxation, in particular if they are multinationals; and they may rely on a more tax-friendly capital composition.
3.
Although the tax system applies equally to all firms, the effective amount of taxes paid by firms may vary. The ORBIS database (Bureau Van Dijk) provides firm-level invormation on balance sheets allowing the calculation of a wide range of economic and financial indicators across several OECD countries. In particular, it is possible to calculate the effective tax rate (ETR) that each firm faces as the ratio between the amount of taxes paid and profits. Although this measure is highly correlated with the amount of corporate tax paid, it comprises all types of taxes the firm is liable of (except payroll taxes and employers' social security contributions).
4.
The empirical analysis provides the following evidence on the correlation between effective tax burden and firms' level of productivity:
 Existence of a tax gap: Since 2005, firms at the productivity frontier pay less tax for each dollar of profits than the other firms in the sample; the creation and persistence of this tax gap has been tested controlling for sector, country and year fixed effects, as well as different specifications of the econometric model. Many factors may have contributed to this phenomenon, including the high share of multinational firms (MNEs) at the frontier, which can exploit mismatches between tax systems. However, this cannot be the only cause, as frontier firms' effective tax rate has been declining since 1999 and is only since 2005 below that of lagging firms.  The composition of capital matters: The share of intangible capital of frontier firms has increased faster than that of the other firms in both the manufacturing and non-financial service sectors, contributing to their lower tax liability. Intangible capital tends to be taxed less than tangible capital (e.g. because of a shorter amortisation period, or lower taxataion due to patent boxes).
5.
The lower tax burden of the most productive firms could be a consequence of tax incentives to boost productivity and growth. However, these policies have failed to reach the majority of firms, as the productivity gap is still increasing and aggregate productivity grows at a sluggish pace.
6.
This "failure" in part stems from constraints that reduce the productivity diffusion from the frontier. These include cash-flow reasons, as taxation reduces the amount of available funding and difficulties in accessing credit. There is therefore a case for policies to complement tax incentives by removing constraints to invest. The emprical analysis of the impact of effective taxation on multifactor productivity suggests that:
 Cash constraints and a low level of solvency magnify the negative effect of taxation on productivity for firms in the middle of the productivity distribution, thus representing an obstacle to technology diffusion from the frontier.  Rigidities in the labour market appear to exacerbate the negative impact of taxation for firms in the middle of the productivity distribution.  Barriers to trade seem to exacerbate the negative impact of taxation on multifactor productivity. Higher trade barriers appear to be particularly harmful for firms in the middle of the productivity distribution. Together with taxation, trade barriers can generate a bottleneck for productivity gains of firms lagging behind the frontier.
7.
The rest of the paper is organised as follows. The next section provides an overview of the existing literature on the taxation of firms and productivity. Section 3 discusses the data and indicators used in the empirical analysis. The empirical analysis is presented in Section 4: Section 4.1 investigates the existence of a tax gap coinciding with the productivity gap; Section 4.2 looks at the impact of taxation on multifactor productivity focusing on the interaction between taxation and firm characteristics, as well as framework conditions.
Review of the literature

8.
Many empirical studies point at the negative impact of the corporate income tax on innovation and investment (see for instance Djankov et al., 2010 , and the many references therein). Among the most recent contributions, Sorbe and Johansson (2017) provide evidence of the detrimental effect of the effective marginal tax rate on firm's investment decisions. Mukherjee et al. (2017) show that an increase in the state-level corporate tax within the United States significantly reduces patenting, R&D investment and the introduction of new products. This work exploits differences in the level of taxation of firms operating in contiguous states, so that the economic environment is similar, but tax rates differ. Other factors may interact with taxation in discouraging investment, for instance, the availability of credit and the functioning of financial markets.
9.
The tax gap could also be due to the presence of multinational enterprises (MNEs) at the productivity frontier. The literature on taxation of MNEs has extensively investigated the capacity of global firms to avoid taxation by shifting profits to jurisdictions with a more lenient tax code (see for instance Leibrecht and Hochgatterer, 2010 , for a review of this vast literature). Also OECD research provides robust evidence of tax planning by MNEs . There are several practices that MNEs use to reduce their overall tax burden: shifting profits to low-tax countries by strategically manipulating intra-group transactions, so that intangible assets are concentrated in low-tax countries or debt, and thus interest payments, in high-tax countries; locating intellectual property activities -i.e. patents -in countries that provide preferential tax treatment for such activities; exploiting mismatches between national tax systems to obtain double nontaxation or double deductions. Johansson et al. (2017) test two possible channels through which MNEs can avoid taxation: (i) profit shifting, by testing whether MNEs with affiliates in countries with a lower statutory tax rate tend to report less profits than other MNEs (with similar characteristics but the location of affiliates); and (ii) differences in tax rates, by testing the difference in the tax rate faced by MNEs with respect to domestic companies. They find that MNEs with ties in low-tax countries tend to report lower profits and that (large) MNEs display a lower tax rate than domestic firms, on average by 4 to 8½ percentage points. The tax rate of small MNEs is not significantly different from the tax rate of domestic firms.
10.
The rise of MNEs, however, does not represent the only source of the reduction in effective tax rates. In a study of US firms, Dyreng et al. (2017) provides evidence in support of the idea that this decline is also the result of other causes such as a more taxfriendly composition of capital.
11.
Firm-level data allow to investigate the individual response of firms to tax incentives. Zwick and Mahon (2017) , for instance, provide empirical evidience of differences in the magnitude of the response to tax incentives by firms of different size and financial position. They conduct a difference-in-differences analysis of two tax incentive episodes in the United States, related to changes in the depreciation timing of investment. They find that firms in sectors where investments are short-lived react less to the tax incentive than firms that invest in long-lived capital. Furthermore, they find firms that are cash constrained or have difficulties to access credit are more responsive to the investment stimulus. This shows that the impact of tax policies depends on the context, that is both firm specific (like the availability of cash), and systemic (like the functioning of financial markets). In the authors' own words "financial frictions and non-convex adjustment costs can amplify the effects of both temporary and permanent policies" (Zwick & Mahon, 2017, p. 223) . 2 The authors acknowledge that if the effect of the tax stimulus is to substitute future investments for current ones, the impact of such policies for productivity growth and long-term output gains are uncertain.
12.
Related to the present work, the IMF has recently published studies that investigate the role of the tax system for firm productivity (IMF, 2017; Dabla-Norris et al., 2.
Non-convex adjustment costs are due to the existence of large fixed costs of investments. Firms do not adjust their investment strategy in a continuous way but lump investment until the tax policy puts the firm above the adjustment threshold. This is another source of heterogeneity as the threshold varies across firms.
2017). The focus is on productivity differences across countries, which can be explained by resource misallocation driven by differential tax treatment. The impact of differential tax treatment on productivity depends on the type of industry. Different tax policies have a different impact according to the importance of the source of taxation for the industry. For instance, a tax disparity which favours buildings over machinery would adversely affect an industry relying more on machinery, so that the misallocation in the most affected industry will be higher in countries with a larger tax differential (IMF, 2017) . Differential tax treatment can be measured by marginal effective tax rates (METRs) on specific types of investment elaborated by the Oxford Centre for Business Taxation.
13.
Tax compliace costs can also be a source of tax discrimination. Dabla-Norris et al. (2017) show that tax compliance costs are related to the productivity gap as they are higher for small and young firms as compared to older and larger firms. The main novelty of the work is the creation of an index of tax administration quality that can be used for cross-country comparisons and allows to assess the impact of the quality of the tax administration on firms' performance. In the context of the present work, large tax administration costs amplify the importance of a "capable" management in effectivly dealing with the tax system. In other words, it should not be only a matter of size and experience but also a matter of efficient versus inefficient management. Although the main idea of compliance costs is that firms may pay the same amount of taxes but some would need more resources to do it, so that small and young firms are disproportionally affected, there is also the possibility that high compliance costs are associated with the complexity of the tax system, so that firms with a more capable management are not only more efficient in dealing with the tax aministration but they actually pay less on average.
14.
The main contribution of this work is that differential tax treatment emerges not just because of tax design but also because of firm characteristics. For instance, taxation is more harmful for cash-constrained firms than for firms that have easy access to credit or financial markets.
Descriptive statistics and preliminary results
Research question and preliminary results
15.
The main goal of the analysis is twofold: first to investigate whether effective taxation is negatively correlated with productivity and, if this is the case, to investigate whether this link is associated with the productivity gap. These two research questions can be expressed as:
1. Does tax liability systematically differ with the level of productivity? What are the features of frontier firms that decrease their average tax liability? 2. Does the tax gap represent an obstacle to the productivity growth of firms lagging behind the frontier?
16.
The persistence and widening of the productivity gap could depend on insufficient investment by lagging firms and poor re-allocation of resources from less to more productive firms. Most of the literature on corporate income taxation focuses on the distortion of investment plans. Taxation reduces the net return on investment and together with weak demand could discourage firms to invest.
3 But even when firms find it 3.
There are empirical investigations that do not find statistical evidence for a relationship between taxation and investment, but they often consider statutory tax rates rather than the effective rate that firms face when deciding to invest.
profitable to invest in new technology, money needs to be found to finance such projects. Taxation reduces the cash flow to fund investment and innovative projects through selffinancing. Firms could turn to external sources, such as bank loans or issuing bonds or equity. The access to financial resources is linked to both systemic characteristics (e.g. the efficiency of the financial system at the country level) and sector and firm characteristics (e.g. debt level, liquidity ratio, solvency ratio, size and availability of collateral). For instance, small and young firms tend to be more credit-constrained and tend to rely more on profits to finance investments.
17.
For UK companies, Maffini et al. (2016) find a signficant positive effect of bonus depreciation on firms' investment, which is entirely due to a reduction in user costs (cost of capital effect). Lower taxation may also free cash to finance investment (cash flow effect). The latter should be particularly important when credit constraints are binding. The authors, however, find that the effect of the bonus depreciation in the United Kingdom is mainly due to the user cost effect, as firms respond to the bonus even before the tax payment is due.
18.
The channels discussed above, however, could not explain the tax gap if they were to affect all firms in the same way. It is the heterogeneity of the impact that can explain the gap. The same tax system may affect frontier firms differently than other firms for several reasons. First, firms at the frontier often are multinational, and they may exploit tax system mismatches across countries and benefit from preferential tax treatments. The effective tax rate indicator used in this study is already net of any profit shifting practice: for instance, the amount of profits registered in the firm's account is already lower, because of tax planning. Therefore, the available data reflect the capacity to exploit mismatches between different tax systems and preferential treatment. Second, irrespective of being an MNE, the most productive firms tend to rely more on intangible capital that is usually taxed at a lower rate than tangible capital. They could also invest in green technology which again is favourably treated by most tax systems. Higher profitability means also that credit constraints are less binding because of the possibility to self-finance the investment. A final reason refers to better management practices that allow frontier firms to adapt their operations to the tax code and thus pay less tax. This effect should also be linked to size, as the availability of human resources is also important. Bloom and Van Reenen (2010) find that firms that are better managed tend to be larger, display higher productivity, grow faster and have higher survival rates. Mankins and Garton (2017) show that companies with the best management practices produce operating margins that are 30% to 50% above the average. If management practices of frontier firms are better than practices in other firms, they could also explain their lower tax liability, as managers tend to deal more efficiently with the tax system.
The tax liability indicator
19.
The indicator of taxation included in the ORBIS database includes all cash payments in local currency for tax-related reasons that each firm made during the year. For the analysis this value is normalised by the pre-tax accounting profits:
This represents the effective tax rate each firm paid during the fiscal year. 4 It is a backward looking measure of taxation because it is determined by past decisions of the company, including tax planning decisions. For this reason the indicator cannot be used to assess the behavioural reactions of firms. It is nevertheless useful to consider differences in tax liability across firms . In particular it can provide insights into systematic differences in tax treatment of different firms.
20.
Only firms that display profits larger than their tax liability are included. This avoids problems with carry forward regulations where firms may receive money from the tax administration or cases in which the tax liability is larger than firms' profits.
Sample and descriptive statistics
21.
The ORBIS database provides an extensive coverage of firms across OECD countries. However, since there is no systematic criterion guiding the inclusion of firms in the sample, the resulting coverage is unbalanced along several dimensions:
 The sample does not have the same size in all years; coverage tends to increase over time;  The sample is much larger for some countries than others;  Small firms tend to be under represented.
22.
In order to ensure a good degree of cross-country comparability and a large sample in each country, the analysis is restricted to six countries: France, Germany, Italy, Korea, Sweden and the United Kingdom. The sample consists of more than 2 million observations with a predominance of firms from France and Italy (Table 1) . 
23.
Since the 1990s, business taxation has steadily declined. The statutory CIT rate declined across all countries in the sample from about 45% in 1990 to about 30% in 2014 (Figure 1 ). The effective tax rate (ETR) used in the current analysis -based on the total amount of taxes paid per dollar of profit -is declining since 1999. The marginal effective tax rate (METR), another measure calculated by the Oxford Centre for Business Taxation, has declined from almonst 25% in 1990 to about 15% in 2014. This average decline in taxation, however, may hide large differences in the tax liabilities across firms.
4.
The available accounting data do not allow distinguishing whether taxation is calculated on a cash or accrual bases. The paper adopts the convention that the tax base is profits in the same fiscal year. 
The burden of taxation according to the productivity level
24.
Frontier firms are defined as the companies with the highest level of productivity in each sector and for each year. The baseline analysis is conducted using Gal's (2013) multifactor productivity indicators. Frontier firms are defined within each sector irrespective of their country of residence. For this reason the analysis refers to a global frontier as opposed to a national frontier. The share of firms selected defines the thickness of the frontier. In the analysis, the indicator refers to the top 5 th percentile of the distribution (and in a few cases to the top 100 firms). By contrast, bottom firms are defined as the bottom 25 th percentile of the productivity distribution. 25.
The thresholds for the top and bottom firms are defined for a fixed number of firms. In contrast with a constant share of firms in each year, the choice of a fixed number of firms ensures that it does not change over time as the sample expands. For instance, after ranking firms according to their productivity level the 5 th percentile is defined over the whole period considered, so that the number (not the identity) of firms that belong to the frontier does not change over time. This implies that the percentile of firms at the frontier is around the 5 th percentile, above in the years with a large sample, and below it in the years with a small sample.
26.
The effective tax rate (average tax rate) paid by frontier firms is decreasing since 1999 (Table 2) . By contrast, the effective tax rate of lagging firms has stabilised after a decrease in the period 1998-2004, resulting in an effective tax rate of frontier firms lower than that of the lagging firms since 2005. The gap has been widening since the global financial crisis (see Annex A for country specific trends).
5.
Some of the firms with the lowest level of productivity meet the definition of zombie firms. They are old firms with difficulty to meet their interest payments. 
27.
The decline in the effective tax rate faced by frontier firms happened in all sectors (Figure 3) . It is interesting to note that differences between sectors have declined as well. In the period 1995-2005, manufacturing firms experienced a higher effective tax rate on average than firms in other sectors. After 2005, however, the difference between sectors is hardly statistically significant. 
28.
The differential impact of taxation on firms at the frontier with respect to less productive firms is confirmed also when looking at the manufacturing and service sectors (Figure 4) . The trend for the manufacturing sector reflects the aggregate trend, with a decline of the ETR for all firms until 2010 and then a sharp increase for the lagging ones. As regards firms operating in non-financial services, the main difference is the increasing ETR trend for bottom firms, i.e., the less productive ones. In both sectors, however, the trend of frontier and lagging firms starts diverging between 2005 and 2010, with an increasing tax gap between frontier and lagging firms. 
Empirical analysis
29.
The empirical analysis looks first at the correlation between the effective tax rate and multifactor productivity, testing its robustness to country, time and sector fixed effects. A priori, the causal relation can go in both directions. Higher productivity may lead to lower effective taxation as well as lower effective taxation may lead to higher productivity.
30.
In order to investigate the role of taxation for the catching-up potentials of firms, we investigate the hypotheis that the causal relation goes from high taxation to low multifactor productivity. The analysis, therefore, is conducted using an instrumental variable approach. The effective tax rate is instrumented with its own lagged values (one and two years) as tax liability in the previous years should affect today's productivity, and the CIT statutory rate, as it affects ETR but it is unlikely to be determined by the firm's level of productivity.
31.
All regressions include country and time fixed effects as well as industry fixed effects. Country and time fixed effects control for events that affect the productivity of all firms or the tax liability in a specific country in a given year. Industry fixed effects are introduced to control for the possibility that the tax system treats sectors in different ways. This is the case for instance of environmental taxation, which affects manufacturing more than the service sector.
32.
The sample is restricted to firms with a positive tax liability. This reduces measurement errors and the impact of differences in loss carry forward rules across countries. The latter is particularly important because it is not possible to distinguish the source of tax liability, thus a lower tax liability could be the result of previous year(s) losses.
Differences in the tax burden across firms
33.
The equation below is used to detect the presence of significant differences in a systematic way. The suffixes i,j,s,t represent information on firm i in country j, sector s, and year t. = + 1 + 2 + 3 + 4 + * + + 34. ETR represents the effective tax rate, Top is a dummy that is 1 if the firm is at the sectoral frontier; Bot is a dummy that is 1 if the firm is in the bottom 25 th percentile of the distribution. In a variant, Top and Bottom are replaced with MFP. Age and Emp are continuous variables that indicate the number of years a firm is active and the number of employees, respectively. Real value added also enters the equation in a variant. Finally, country and year fixed effects and industry fixed effects are included. The standard error is robust to heteroskedasticity.
35
. Table 2 shows that the effective average tax rate:
 is negatively correlated with the level of multifactor productivity;  is significantly lower for frontier than other firms: being at the frontier results in a 3 percentage point lower effective average tax rate as compared to the population of firms;  increases with firms' age and size (measured by employment).
36.
These results are robust to country-specific time trends that may affect the amount of taxes that firms pay and their industrial sector. Therefore, the estimated lower tax burden of frontier firms is net of any country-specific tax reform and industry-specific shocks that might have affected the rate. Note: Robust standard errors in parenthesis. All models include country and year fixed effects and industry fixed effects. Age category consists of young (less than 5 years old), mature (between 5 and 10) and old (more than 10 years old) firms, with 1 being young firms. Employment is expressed as the natural logarithm of the number of employees in the company. The analysis is restricted to firms with more than 20 employees.
37.
Differences in taxation are more pronounced in the manufacturing sector than in non-financial services (Table 3 ). This could be due to the smaller difference in the nonfinancial service sector between the frontier firms and the rest. Nevertheless, the tax gap between the frontier and other firms is statistically significant for all industries (except energy and water). As regards the bottom of the distribution, Table 3 shows that, in the full sample, firms at the bottom tend to pay a higher ETR than firms in the middle of the distribution, indicating that the ETR is monotonically correlated with the level of productivity -i.e. it decreases with productivity or sales volumes. This tendency is confirmed for the sub-sample of manufacturing firms but not for firms in the trade and non-financial service sectors, where firms at the top and bottom of the productivity distribution pay a lower ETR than firms in the middle of the distribution. Although firms at the productivity frontier pay a lower ETR in all sectors, the results seem to be mainly driven by the manufacturing sector. Note: Frontier is a dummy that assumes value 1 if the firm is among the top 5% in terms of MFP; similarly Bottom is a dummy that assumes value 1 if the firm is among the bottom 25% of the distribution of MFP. Age represents the years of activity of the company; Employment is the log of the number of employees; and Value added is the log of real value added.
38.
For the ETR of frontier firms to be lower than for lagging firms, it must be that either the numerator (amount of taxation) is lower or the denominator (profits) is higher. Lower tax liability for given profits could reflect a lower amount of taxes paid on a tax base that does not affect the definition of profits; indeed, the tax liability is the aggregate value of all taxes the firm pays on different tax bases (for instance, property and land taxes on plants and other firms' facilities). Another possibility is that a different combination of inputs used to generate the same amount of profit leads to a lower tax liability. For instance, firms could switch to activities (or investments) that are taxed at lower rates or benefit from more favourable depreciation rules, like green technologies or intangible capital.
39.
As regards innovation activities, which enjoy favourable tax treatment in most countries (Appelt, et al., 2016) , a look at the evolution of the ratio of intangible fixed assets 6 of frontier firms with respect to the rest of firms, shows that frontier firms tend to have a higher ratio, i.e. they tend to have a higher share of intangible capital. Figure 5 shows that the trend is similar for all firms until 2005 when the trend of lagging firms started to diverge from the frontier. This divergence in the composition of capital is simultaneous with the emergence of the tax gap ( Figure 5 ). No specific event that could explain the switch could be identified in 2005. In fact, the declining ETR trend for frontier 6 .
Intangible assets constist of assets without physical matter such as patents, franchises, copyrights, software and company goodwill, and include spending related to training, research and development.
firms is quite constant, as well as the increase in the share of intangibles, reflecting longterm trends. 
40.
The difference between the mean of the two groups, namely frontier and lagging firms, is reported in Table 4 , which shows that the difference is statistically significant for the manufacturing sector but not for the non-financial service sector. Therefore, the different composition of capital could explain the lower tax burden only for firms in the manufacturing sector, which is more capital-intensive than services. The trend in the composition of capital between frontier and lagging firms confirms that this is mostly a manufacturing phenomenon (Figure 6 ), although in the service sector an increasing trend in the share of intangibles for frontier firms is also evident, but there is a plateau since 2002 for the lagging firms. 
41.
In this setting, the presence of a larger share of intangible assets cannot be linked to profit shifting practices: it rather represents an indicator suggesting that tax deductions on research activities (e.g., patent boxes) encourage more accumulation of intangible capital. Recent research suggests a change in the composition of government incentives to R&D towards tax deductions (Appelt, et al., 2016) .
42.
Another difference between frontier and lagging firms that could contribute to the tax gap is managerial capacity, which can be proxied by the difference between listed and non-listed firms or by the size of firms or their productivity. Under the assumption that frontier firms are better managed than less productive firms, it could be argued that superior managerial capacities leads to a more efficient tax strategy. For instance, the management of frontier firms could switch to greener technologies or more intangible capital faster without losing productivity (indeed, increasing it) or exploit tax discounts. These features should not depend on being a MNE.
43.
Finally, previous work shows that frontier firms consist mainly of multinational firms (Andrews, et al., 2015) , and that firms with stronger international ties engage in tax planning, by shifting profits abroad . This type of tax avoidance, however, cannot be the source of the results. The tax base registered in firms' accounts is already net of any tax planning action. If a firm decides to shift profits abroad, the resulting operating profit is lower; therefore, both numerator and denominator are smaller. What the analysis highlights is the possibility for MNEs to exploit mismatches between tax systems and enjoy preferential treatment . Furthermore, Dyreng et al. (2017) show that for U.S. firms the effective tax rate of multinational firms has decreased at the same pace as that of domestic firms over the period 1998-2012, indicating that the lower effective tax rate is not due to being a multinational firm.
44.
To sum up, frontier firms' increasing use of intangible capital could be among the factors that drive the productivity and tax gaps. It remains to be investigated why lagging firms do not follow frontier ones in this process of dematerialisation, which seems associated with both higher productivity and lower taxation.
ETR and firm productivity
45.
After showing that frontier firms pay a lower effective tax rate than the rest and that this is correlated with the increasing use of intantigible fixed assets by frontier firms, the analysis looks at whether taxation represents an obstacle to productivity diffusion.
46.
Taxation, demand and access to credit affect the incentive and possibility of firms to invest. The investment can be in physical capital (e.g. new machinery), human capital (e.g. training and hiring) or R&D. Acquiring new and more modern machinery and introducing innovative production processes is crucial for lagging firms to catch up with the productivity frontier. In this setting, the tax liability can prevent firms from investing, either because:
 it reduces the available resources to invest -cash flow constraints;  it reduces the net return on the investment.
47.
The empirical analysis considers a reduced-form model of the relationship between taxation and productivity in which the log of multifactor productivity, is regressed on firms' tax liability per dollar earned:
where ETR represents the effective tax rate of firm i in country j, sector s, and time t; X is a set of control variables which include the age of the firm, its size in terms of employees and in terms of value added, the share of fixed assets, and whether the firm is listed. A country-year fixed effect is introduced to account for specific country characteristics that may lead to higher productivity in specific years: this reduces the risk of omitted variables bias. The sector fixed effect is included because some sectors are more productive than others. In order to assess whether a different pattern exists for firms at the frontier with respect to the rest of the distribution, the analysis is separately conducted for the sub-sample of lagging firms (i.e. all firms but the frontier).
48.
In order to empirically assess the influence of effective taxation and its interaction with firms' characteristics and framework conditions have on multifactor productivity, the analysis is conducted using an instrumental variable approach, where the effective tax rate is instrumented with its past value and the statutory corporate income tax rate. The latter instrument is quite effective, as it influences each firm's tax liability without being affected by firm level of productivity.
49.
The results of the estimation of the econometric model using a two-stage least square approach are presented in Table 5 . The first two columns show results for the full sample, and the other columns display the results for three sub-sets of firms, the frontier, the middle and the bottom productivity group. The negative effect of the ETR on the level of MFP is robust to the estimation with different instruments. When looking at subsamples it appears the the negative effect decreases with the level of productivity. It is smaller, albeit statistically significant, for frontier firms and largest for the firms at the bottom of the productivity distribution.
50.
The estimation results support the idea that part of the performance of frontier firms is due to their lower tax liability. Reducing the tax liability of firms in the middle of the productivity distribution can enhance their chances to catch-up. By contrast, for firms in the bottom of the distribution, lower taxation would not raise their productivity. Similar results are presented by Gemmell et al. (forthcoming) , who find in a sample of European firms over the period 1995-2005 that increasing the statutory corporate income tax rate negatively affects the speed of convergence. 
51.
Effective taxation may interact with some firm characteristics and reduce the capacity to acquire innovative technologies. This might be the case if a combination of high taxation, low cash availability and credit constraints co-exist. The idea is that taxation would affect firms with lower cash flow more. The results of the empirical model with an interaction term between effective taxation and cash flow show that the availability of cash signifincatly reduces the negative effect of the ETR (Table 6 , column 1). This effect seems to be mainly driven by firms in the middle of the productivity distribution (Table 6, columns 2-4). This is revealing of the difficulty of firms to catch up with the frontier because of a lack of resources. By contrast, the interaction with the trend in sales, which represents a source of cash for firms, does not seem to affect the relationship between ETR and productivity. -0.000*** -0.000*** -0.000*** -0.000*** -0.000*** -0.000*** -0.000** -0.000*** (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) Turnover 0.000*** 0.000 0.000*** 0.000*** 0.000*** -0.000 0.000 0.000*** (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) Fixed assets 0.000*** 0.000*** 0.000*** -0.000*** 0.000*** 0.000*** 0.000*** -0.000 (0.000) (0 Note: Robust standard errors in parenthesis. Country, year, and sector fixed effects are included. All models are estimated using the 1 and 2 year lagged value of ETR and the CIT statutory rate as instruments for ETR. Source: Calculations based on ORBIS database.
52.
The possibility to access credit may be affected by the current debt position of firms. The interaction between taxation and the ratio between long-term debt and total assets, as well as the interaction with the solvency ratio (the capital available to cover current liabilities) provide interesting insights. Long-term debt reinforces the negative effect of taxation on MFP although it seems not to interact with taxation (Table 7 , column 1). Also in the sub-samples there is no evidence of any significant interaction with taxation (Table 7 , columns 2-4). By contrast, solvency does not have a direct impact on MFP (Table 7 , column 5), but affect the way in which taxation influences MFP. The more solvent is a firm the lower the negative effect of taxation (the coefficient associated with the interaction term in column 5 is positive and statistically significant). Interestingly this effect seems to be driven by firms in the middle of the productivity distribution, thus representing a bottleneck for catching up. Higher taxation therefore appears to be more harmful when a firm faces financial constraints, presumably because a constrained firm cannot substitute external funds for the reduction of cash-flow due to higher taxation. -0.000*** -0.000*** -0.000*** -0.000*** -0.000*** -0.000*** -0.000*** -0.000*** (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) Turnover 0.000*** 0.000** 0.000*** 0.000*** 0.000*** 0.000 0.000*** 0.000*** (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) Fixed assets 0.000*** 0.000*** 0.000*** -0.000*** 0.000*** 0.000*** 0.000*** -0.000*** (0.000) (0 Note: Robust standard errors in parenthesis. Country, year and sector fixed effects are included. All models are estimated using the 1 and 2 year lagged value of ETR and the CIT statutory rate as instruments for ETR. Source: Calculations based on ORBIS database.
53.
Framework conditions like product market regulation (PMR) and employment protection legislation for regular contracts (EPL) may affect the opportunities of firms to catch up with the productivity frontier. The analysis, however, is less solid than in the previous cases because these indicators are not firm specific so that they are included in the regression only interacted with ETR (which is firm specific). Results suggest that PMR has no effect on the way in which taxation affects productivity. However, when looking at the sub-samples it seems to weakly reduce the negative impact of ETR for firms in the middle of the productivity distribution. This result, however, should be take with caution as the coefficient of the direct impact of ETR on MFP is no longer significant for frontier and bottom firms and loses significace for firms in the middle (Table 8 , columns 2-4).
54.
As regards employment protection legislation for regular contracts, the results are clearer. EPL accentuates the negative impact of taxation on MFP, a result that seems to be driven mainly by firms in the middle of the productivity distribution (Table 8 , column 7). It represents an obstacle for firms to hire workers with more advanced technological skills, thus reducing the incentive to acquire such technologies -a computer and a computer expert are needed to improve productivity. -0.000*** -0.000*** -0.000** -0.000 -0.000*** -0.000*** -0.000*** -0.000*** (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) Turnover 0.000*** 0.000 0.000** 0.000** 0.000*** 0.000 0.000*** 0.000*** (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) Fixed assets 0.000* 0.000*** 0.000 -0.000 0.000*** 0.000*** 0.000*** -0.000*** (0.000) (0 Note: Robust SE in parenthesis. Country, year, and sector fixed effects are included. All models are estimated using the 1 and 2 year lagged value of ETR and the CIT statutory rate as instruments for ETR. Both the PMR and EPL indicators are de-meaned. Source: Calculations based on ORBIS database.
55.
The interaction of taxation with EPL is mainly driven by firms with average productivity (middle), for which the negative impact of taxation is amplified by strict employment protection legislation. By contrast, for firms at the frontier, stricter EPL does not affect the impact of ETR. Most probably, firms at the productivity frontier have already an efficient mix of capital and labour, so that EPL is not binding.
56.
The impact of taxation on the productivity of firms could also depend on the possibility to access foreign markets and integrate in global value chains (GVC). To capture this, two indicators are used. The first is the share of exports and imports over the country's GDP (Openness), which measures the amount of integration of the domestic economy with international markets and is also an indicator of global demand trends. The second considers legal and regulatory barriers to trade, including taxation and capital account restrictions (Free Trade) . 7 This indicator is particularly important because such barriers reduce the access to foreign markets regardless of the economic trend.
57.
The estimation results reported in Table 9 show that taxation has a negative effect on the level of productivity also when including the two indicators of globalisation. The interaction term with trade openness, however, is not statistically significant (Column 1). It gains significance when looking at the three sub-groups of firms. In this case, however, the ETR loses significance, indicating (as in the case of market regulation) that the results are difficult to interpret. By contrast free trade significantly reduces the negative effect of taxation -i.e., the interaction term is positive and statistically significant (column 5). -0.000*** -0.000** -0.000** -0.000 -0.000*** -0.000*** -0.000*** -0.000*** (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) Turnover 0.000*** 0.000 0.000** 0.000** 0.000*** 0.000 0.000*** 0.000*** (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) Fixed assets 0.000* 0.000*** 0.000 -0.000 0.000*** 0.000*** 0.000*** -0.000*** (0.000) (0 Note: Robust standard errors in parenthesis. Country, year, and sector fixed effects are included. All models are estimated using the 1 and 2 year lagged value of ETR and the CIT statutory rate as instruments for ETR. Source: Calculations based on ORBIS database.
58.
In this case, reducing de jure trade barriers seems to benefit mainly firms in the middle of the productivity distribution (column 6-8). The interaction term is positive and statistically significant only for the middle group, indicating that an increase in the indicator (i.e., a reduction of barriers) reduces the negative effect of ETR on this type of firms.
